Abstract Background It is widely believed that a deep implant infection leads to poor functional and emotional outcomes following total hip arthroplasty. Questions
Introduction
Due to an increasing number of primary total hip arthroplasties (THA) performed and an increasing life expectancy in the USA, the number of patients undergoing revision hip arthroplasty is on the rise [10] . Although a highly successful operation, the most common reasons for failure following a primary total hip replacement are instability/dislocation (22.5%), mechanical loosening (19.7%), and infection (14.8%) [2] . Thus, revision THA is generally subclassified as being either aseptic (e.g., for instability or mechanical loosening) or septic. The difference in functional and emotional outcomes in patients undergoing aseptic as opposed to septic revision THA is largely unknown.
The majority of the current literature on aseptic revision THA focuses on the long-term success or survival of a specific type of implant or procedure, using improvements in the Harris Hip Score as the primary outcome [3, 5, 6, 8, 9, 11-13, 15-20, 22, 23] . As a result, the general health of these patients has not been adequately studied. Furthermore, although patients with a deep implant infection are thought to have a poor functional outcome [1, 21] , the emotional outcome and overall health of these patients are understudied, and publications on the topic are limited by small numbers of patients [14] . It was our expectation that patients undergoing two-stage septic revision hip arthroplasty will have a lower emotional well-being and general health as a result of poor function, when compared to patients undergoing aseptic revision total hip arthroplasty.
Thus, the objective of the current study was to compare the functional, emotional, and general health outcomes between a large cohort of patients undergoing aseptic total hip revision, and two-stage septic revision. Specifically, we wished to compare an assessment of hip function using the Harris Hip Score, and an assessment of overall health as reflected by the SF-36 Health Survey between these groups of patients. We also aimed to compare these patients' subjective assessment of their outcome as reflected by their description of pain, ability to use transportation, walk distances, and sit.
Materials and Methods
This retrospective comparative review analyzed patients who underwent revision total hip arthroplasty between 1996 and 2002. One hundred ninety-five consecutive patients underwent an aseptic total hip revision, and 73 consecutive patients had a two-stage, septic revision hip arthroplasty. Two-stage revision included an irrigation and thorough debridement of the infected hip, followed by explantation of the acetabular and femoral components, cement spacer placement, interval intravenous antibiotics, and replantation of the components after confirmation of a cleared infection. All aseptic revisions were performed for aseptic loosening of the femoral, acetabular, or both components, whereas all the septic revisions were performed because of deep implant infection and thus required explant and revision of both the femoral and acetabular components in all patients. There were no differences between the aseptic and septic revision groups with regard to age, body mass index, and number of prior total hip arthroplasties (p>0.05) ( Table 1) .
Patients were retrospectively evaluated using Harris Hip Scores and RAND SF-36 Health Surveys obtained from patient's charts, which were completed at the patient's last follow-up visit at the senior author's office (CG). Both the SF-36 scores and the Harris Hip Scores were manually calculated by one of the authors (FB). The exclusion criteria included recurrent infection in the septic group, new infection in the aseptic group, further aseptic revisions during the follow-up period in both groups, and death. Of the 73 patients in the septic group, 9 patients had a recurrent infection, 4 patients underwent aseptic revision(s), and 15 patients died. Of the 195 patients undergoing aseptic revision surgery, 1 patient had an infection, 33 patients underwent a subsequent aseptic revision, and 16 patients died during the follow-up. Therefore, 45 patients with a septic revision and 145 patients with an aseptic revision were included in the study analysis.
In addition to the HHS and SF-36 Health Survey, all patients were given a list of ad hoc questions with predetermined responses to determine the extent of their pain (none, mild, moderate to severe), the mode of public transportation they could use (car, bus, train, plane), the distance they could walk (unlimited, 200-600 m, in house only), and their ability to sit (unlimited, high chair <30 min, unable).
The data were analyzed using the nonparametric MannWhitney test to compare mean Harris Hip Scores between the two groups, and the nonparametric Kruskal-Wallis test to assess variance across the groups in regard to their Harris Hip Scores and SF-36 results. p values of <0.05 were considered statistically significant.
Results
At the final follow-up, patients who had undergone aseptic revision had better HHS than those undergoing septic revision (p<0.001). Those undergoing aseptic revision had an average Harris Hip Score of 73.2±20.5 (range, 18 to 100) compared to an average score of 57.4±20.6 (range, 12 to 100) in the septic group. The Kruskal-Wallis test showed a statistically significant difference in the Harris Hip Scores between the two groups (p<0.01).
In regard to the RAND SF-36 Health Survey, statistically significant differences were found between the aseptic and septic groups in the categories of physical functioning (p=0.026) and role limitations due to physical health (p≤ 0.004). However, there was no difference in role limitations due to emotional or personal problems (p=0.323), emotional well-being (p=0.942), social functioning (p=0.552), energy/fatigue (p=0.188), general health (p=0.069), and bodily pain (p=0.658) (Fig. 1a, b) .
As an observation in regard to the ad hoc questions, patients in the aseptic group had improved pain and sitting ability, could walk farther, and were able to use more modes of transportation than the septic group (Table 2) .
Discussion
The objective of the current study was to compare the functional, emotional, and general health outcomes in patients undergoing two-stage septic revision and aseptic revision hip arthroplasty using Harris Hip Scores, SF-36 Health Surveys, and ad hoc questions. Our hypothesis was that functional, emotional, and general health outcomes would be worse in patients undergoing two-stage septic revision total hip arthroplasty compared to patients undergoing aseptic revision for loosening. Functional outcomes, as measured by the Harris Hip Scores, functional components of the SF-36 survey, and observation of ad hoc questions were in fact significantly worse in patients undergoing septic revision hip arthroplasty; however, the emotional and social outcomes, as assessed by the emotional, social, and general health components of the SF-36 survey, were similar between patients undergoing revision for deep implant infection and patients undergoing aseptic revision in medium-term follow-up.
There are several other limitations to our study. First of all, our study is retrospective, and thus, has all the inherent flaws of this study design. Secondly, all of the surgeries were performed before 2002. Therefore, there is a possibility that had these surgeries been performed recently, given the recent improvements of implants and surgical technique over the last 9 years, patients might have had better functional outcomes in all groups. Furthermore, comorbidities were not assessed in this study, which may have had an impact on SF-36 scores.
By the year 2026, the number of people undergoing revision hip arthroplasty is expected to double [7] . While most patients undergoing primary total hip arthroplasty can expect an excellent outcome with a Harris Hip Score >90, the average Harris Hip Scores for revision total hip arthroplasty is <90 in most reports [4] . However, the data are limited regarding the difference in outcomes following aseptic and septic revision THA. In a smaller cohort of patients, using Harris Hip Scores and SF-12 scores, Romano et al. [14] found no significant difference in outcomes between two-stage revision hip arthroplasty and aseptic revision [14] . In the current study, differences existed between the two groups with regard to their physician-reported and self-reported functional outcome, which is in accordance with the general perception that patients who have had a deep implant infection have a less predictable functional outcome [1, 21] . As a result of a lack of physical function, it was hypothesized that a revision for deep implant infection would negatively impact a patient emotionally and socially more than an aseptic revision. However, like Romano et al., we found this not be true [14] . Still, we did find that "physical functioning" and "role limitations due to physical health" were significantly different between the two groups.
In summary, the current study highlights that although septic revisions have a worse functional outcome compared to aseptic revisions, similar to prior published literature, the emotional and general health outcomes are comparable to aseptic revisions in medium-term follow-up. 
